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Abstract 
Male Wistar rats fed with high carbohydrate (68%) and high fat (24%) diet (H) 
mimicking “Western diets” showed enhanced visceral obesity and its 
associated risk factors of metabolic syndrome such as impaired glucose 
utilisation, insulin resistance, hypertension, cardiovascular stiffness, collagen 
deposition, endothelial dysfunction, inflammation of heart and liver, 
dyslipidaemia and non-alcoholic fatty liver disease compared to low fat (8%) 
cornstarch diet (C) fed rats. Lowered total testosterone concentrations (2.5-5.8 
ng/mL) in castrated rats induced by surgical or chemical castration (leuprolide 
acetate 2mg/kg body weight every four weeks), showed increased abdominal 
obesity and its associated metabolic risk factors in response to H diet; thus, 
testosterone plays a crucial role in regulating abdominal obesity associated 
metabolic disorders in men.  
Current treatments for obesity are aimed at modifying dietary patterns, eating 
habits and proper workout or physical exercise to increase calorie expenditure 
and lowering calorie intake. I have investigated the therapeutic effects of 
seaweeds (Ulva ohnoi, Derbesia tenuissima), microalgae mixture 
(Scenedesmus dimorphus and Schroederiella apiculata), mineral ions (Mg++, 
K+) and dietary fibre (inulin and oligofructose) as food-based interventions in 
rats fed H diet. Ulva ohnoi and Derbesia tenuissima attenuated the metabolic 
symptoms observed in H fed rats; both seaweeds are rich in dietary 
polysaccharides (23.4-40.9% of dry algae). Compared to Derbesia tenuissima, 
Ulva ohnoi contained higher amount of soluble polysaccharides (18.1% vs 
<0.1 % of dry algae) and lowered total body fat mass by 24% which may be 
attributed to the inhibition of intestinal absorption of fatty acids. In addition 
higher magnesium content of UO (4.1% vs 1.3% of dry algae) suggested 
improving the glucose utilisation. Further, insoluble polysaccharides (19.6% of 
dry algae) supplementation of microalgae mixture showed increased lean mass 
and attenuated the visceral adiposity-induced metabolic syndrome in H fed 
rats, which may be due to the faecal bulking effect associated with increased 
hepatic and skeletal muscle β-oxidation of fatty acids.  
Magnesium treatment specifically increased the faecal lipid excretion by 4.5% 
suggesting the ability of this divalent cation to form insoluble salt complexes 
with fatty acids and prevent their intestinal absorption as potential mechanism 
for reduction in abdominal (53%) and total body fat mass (44%) in H diet fed 
rats showed a complete reversal of metabolic syndrome. Treatment with 2% 
potassium chloride in H diet fed rats showed no significant effect on obesity 
but attenuated the H diet-induced metabolic risk factors which may be due to 
the increased (38%) circulating concentrations of magnesium. Increased faecal 
load (1.6 g/12h) and lipid excretion (5.4%) detected with 5% soluble fibre 
(inulin and oligofructose) mixture supplementation serves as the possible 
potential mechanism in preventing the abdominal obesity and its associated 
metabolic syndrome in the H diet fed metabolically sick obese rats. Thus, 
functional foods including seaweeds and microalgae that are rich in important 
mineral ions (magnesium and potassium) and fibre (dietary polysaccharides) 
may attenuate obesity-linked metabolic syndrome.  
 
 
iii 
 
 
CERTIFICATION OF DISSERTATION 
I certify that the ideas, experimental work, results, analyses, software, 
discussions and conclusions reported in this dissertation are entirely my own 
effort, except where otherwise acknowledged. I also certify that the work is 
original and has not been previously submitted or published for any other 
award, except where otherwise acknowledged.   
 
 
      
Signature of candidate                                                                Date  
 
 
ENDORSEMENT 
 
 
 
  
Signature of Principal Supervisor                                               Date 
 
 
 
 
  
Signature of Associate Supervisor                                              Date 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
Contributions to thesis chapters as publications  
*Kumar SA, Brown L. Seaweeds as potential therapeutic interventions for the 
metabolic syndrome. Reviews in Endocrine and Metabolic Disorders 
2013;14:299-308.  
 
SAK was responsible for 60% of conception and design, 80% of analysis and 
review of literature, 30% of drafting and writing and 30% of final editorial 
input; Brown L was responsible for 40% of conception and design, 20% of 
analysis and review of literature, 70% of drafting and writing and 70% of  final 
editorial input. 
 
*Kumar SA, Kauter K, Ward L and Brown L. Effect of low testosterone in a 
high-carbohydrate, high-fat diet induced rat model of metabolic syndrome. 
American Journal of Physiology Endocrinology and Metabolism.  
 
SAK was responsible for 40% of conception and design, 85% collection of 
data, 70% of analysis and interpretation of literature, 60% of drafting and 
writing; KK was responsible 20% of conception and design, 5% of collection 
of data, 5% of analysis and interpretation of literature, 5% of drafting and 
writing; LW was responsible for 10% of collection of data, 5% of drafting and 
writing, 5% of analysis and interpretation of literature; LB was responsible for 
30% of conception and design, 20% of analysis and interpretation of literature, 
30% of drafting and writing. 
 
*Kumar SA, Magnusson M, Ward L, Paul N, Brown L. Seaweed supplements 
normalise metabolic, cardiovascular and liver responses in high-carbohydrate, 
high-fat fed rats. Marine Drugs 2014;12:doi:10.3390/md120x000x.      
 
SAK was responsible for 25% of conception and design, 70% of collection of 
data, 30% of analysis and interpretation of literature, 30% of drafting and 
writing and 20% of final important editorial input; MM was responsible for 
10% for conception and design, 20% of collection of data, 15% of analysis and 
interpretation of literature, 10% of drafting and writing and 20% of final 
editorial input; LW was responsible for 5% of collection of data; 5% of 
analysis and interpretation of literature, 5% of drafting and writing and 5% of 
final important editorial input; NP was responsible for 30% of conception and 
design, 5% of collection of data, 20% of analysis and interpretation of 
literature, 20% of drafting and writing and 25% of final important editorial 
input; LB, 35% of conception and design, 30% of analysis and interpretation of 
literature, 35% of drafting and writing and 30% of final important editorial 
input. 
  
*Kumar SA, Magnusson M, Ward LC, Paul N, Brown L. Microalgae 
attenuates obesity linked cardiac, hepatic and metabolic changes in high-
carbohydrate, high-fat diet fed rats. Journal of Nutrition.  
 
SAK was responsible for 25% of conception and design, 70% of collection of 
data, 30% of analysis and interpretation of literature, 30% of drafting and 
writing; MM was responsible for 10% for conception and design, 20% of 
collection of data, 15% of analysis and interpretation of literature, 10% of 
v 
 
drafting and writing; LCW was responsible for 5% of collection of data; 5% of 
analysis and interpretation of literature, 5% of drafting and writing; NP was 
responsible for 30% of conception and design, 5% of collection of data, 20% of 
analysis and interpretation of literature,  20% of drafting and writing; LB, 35% 
of conception and design, 30% of analysis and interpretation of literature, 35% 
of drafting and writing. 
*Kumar SA, Ward LC, Brown L. Responses to increased magnesium and 
potassium intake in a high-carbohydrate, high-fat diet-induced metabolic 
syndrome model in rats. Journal of Nutrition. 
 
SAK was responsible for 60% of conception and design, 90% of collection of 
data, 65% of analysis and interpretation of literature, 50% of drafting and 
writing; LCW was responsible for 10% of conception and design, 10% of 
collection of data, 15% of analysis and interpretation of literature, 20% of 
drafting and writing; LB was responsible for 30% of conception and design, 
20% of analysis and interpretation of literature, 30% of drafting and writing. 
  
*Kumar SA, Ward LC, Brown L. Effect of inulin and oligofructose in high-
carbohydrate, high-fat diet induced metabolic syndrome in rats. British Journal 
of Nutrition.  
 
SAK was responsible for 40% of conception and design, 90% of collection of 
data, 50% of analysis and interpretation of literature, 50% of drafting and 
writing; LCW was responsible for 5% of conception and design, 10% of 
collection of data, 15% of analysis and interpretation of literature, 10% of 
drafting and writing; LB was responsible for 55% of conception and design, 
35% of analysis and interpretation of literature, 40% of drafting and writing. 
 
*Poudyal H, Kumar SA, Iyer A, Waanders J, Ward L, Brown L. Responses to 
oleic, linoleic and α-linolenic acids in high-carbohydrate, high-fat diet induced 
metabolic syndrome in rats. Journal of Nutritional Biochemistry 2013;24:1381-
1392. 
 
HP was responsible for 55% of conception and design, 60% of analysis and 
interpretation of literature, 55% of drafting and writing and 20% of final 
important editorial input; SAK was responsible for 15% of conception and 
design, 15% of analysis and interpretation of literature, 15% of drafting and 
writing and 15% of final important editorial input; AI was responsible for 10% 
of conception and design and 5% of drafting and writing; JW was responsible 
for 5% of conception and design, 5% of analysis and interpretation of literature 
and 5% of drafting and writing; LCW was responsible for 5% of conception 
and design, 5% of analysis and interpretation of literature, 5% of drafting and 
writing and 5% of final important editorial input; LB was responsible for 15% 
of conception and design, 15% of analysis and interpretation of literature, 20% 
of drafting and writing and 60% of final important editorial input.  
 
 
 
 
vi 
 
 
ACKNOWLEDGEMENT 
I would sincerely thank Prof. Lindsay Brown for giving me the opportunity to 
perform my Doctoral study under his esteemed guidance. I would also like to 
express my gratitude to the co-supervisor Assoc Prof. Kate Kauter, for her 
scientific inputs and suggestions.  
I thank Assoc Prof. Leigh Ward for conducting the dual-energy X ray 
absorptiometry in the experimental rats and also for his scientific feedback that 
helped me to complete my research studies within the stipulated timeframe. I 
would sincerely thank Dr Nicholas Paul and Dr Marie Magnusson from the 
James Cook University for the supply of seaweeds and microalgal culture and 
also for helping me with its nutritional analysis. I thank Mr Jason Brightwell, 
for performing the Echocardiogram in the experimental rats. I owe my sincere 
thanks to the lab manager Mr Pat McConnell and all animal house technicians 
including Mrs Morwenna Boddington, Mrs Lynn Hamilton, Mrs Tracey Tyers, 
Mr Oliver Kinder and Mrs Elizabeth Leonard for providing me the good 
animal house facilities and also for helping me diligently in the maintenance of 
cages and experimental rats. I sincerely thank Prof. Mark Sutherland for giving 
me a good work environment at his CSBi office. I would also like to thank all 
my CSBi post-graduate colleagues for their moral support. I am grateful to all 
my lab colleagues who helped and supported me physically and morally with 
their presence. I would personally thank Jeremy, Ashraf, Hemant, Sunil, 
Vishal, Anand, Maharshi and Abishek for sharing their scientific knowledge 
and also for their motivational feedback.  
My special thanks to all my family members which includes my mom Mrs. 
Meena Ramesh Kumar, my dad Mr. Ramesh Kumar, my beloved wife Mrs. 
Sangeeta Senthil Arun Kumar, my son Vishwajit Prabhu, my younger brother 
Mr. Praveen Kumar, my uncle Mr. Raja Chidambaram, my father in-law Mr. 
Ramachandran, my mother in-law Mrs. Susheela Ramachandran and my aunt 
Dr. Amenda Guna Singh for providing their immense support with endless love 
and affection.  
Last but not least, my sincere thanks to the USQ Office of Research and Higher 
Degrees for honouring me with the USQ post-graduate research award 
scholarship in 2013 and supporting me financially by granting the USQ tuition 
fee waiver scholarship throughout my PhD course. I would also sincerely thank 
Abbott Pharmaceutical Australia for funding my living allowance for 2011 and 
2012.      
 
 
 
 
 
 
 
 
vii 
 
Table of Contents 
Chapter 1 
1.1 Introduction .............................................................................................. 1-54 
1.2 Seaweeds as potential therapeutic interventions of metabolic  
syndrome...................................................................................56-65 
Chapter 2 Materials and Methods  .............................................................. 67-72 
Chapter 3 Effect of low testosterone in a high-carbohydrate, high-fat 
diet induced rat model of metabolic syndrome...................................74-98 
Chapter 4 Seaweed supplements normalize metabolic, cardiovascular 
and liver responses in high-carbohydrate, high-fat fed rats.........100-124   
Chapter 5 Microalgae attenuates obesity linked cardiac, hepatic and 
metabolic changes in high-carbohydrate, high-fat fed rats……....126-154 
Chapter 6 Responses to increased magnesium and potassium intake in 
a high-carbohydrate, high-fat diet-induced metabolic syndrome model in 
rats…....................................................................................................156-179 
Chapter 7 Effect of inulin and oligofructose in high-carbohydrate, high-
fat diet-induced metabolic syndrome in rats...................................181-205 
Chapter 8 Conclusion and future outcomes ........................................... 207-215 
Appendix ............................................................................................ 217-228
